Introduction
Iron ore sintering is an important pre-processing technology in integrated steel mills. Sinter accounts for around 70 wt.% of the ferrous feed to blast furnaces in the Asia-Pacific region. 1) Sinter making is a complex process and can be viewed as comprising bed preparation under ambient conditions (or cold processing) and subjecting the bed to high temperatures by generating a narrow, moving flame front (or hot processing). The cold processing includes the blending of iron ore fines, fluxes, fuel and cold return fines, followed by the granulation process and charging of the formed granules onto the sinter strand. The hot processing starts with the establishment of a flame front on the top surface of the bed under an ignition hood followed by the progression of the front down through the bed, melt generation within the flame front and finally the solidification of melt. More detailed descriptions of the iron ore sintering process are available in the literature. [2] [3] [4] It is well-known that the properties of the green granulated bed, which are dependent on the cold processing conditions, have a significant influence on flame front properties, heat generation, the amount of heat transferred
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to the solids and bed temperatures. For a given ore blend, granulation conditions can determine the size distribution of the granules and the location of coke particles -which has an influence on combustion rate and efficiency. 5, 6) At a plant, the granulated sinter mix discharges from the feed hopper onto an inclined rill plate, and from there onto the moving strand. Granules segregate during this process because of differences in size and density. The level of segregation determines the heterogeneity of the formed bed and there are benefits in forming such a bed. For example, enhancing segregation will increase coke levels in the upper bed and decrease coke levels in the lower bed. This will help provide more even sintering temperatures which will help improve yield and sinter quality and ultimately improve the energy efficiency of the process. Assuming a typical fuel rate of 55 kg/tonne and a global sinter production of 1 billion tonne per annum leads to a consumption of 55 million tonne per annum (mtpa) of coke breeze, which corresponds to approximately 200 mtpa of CO 2 emissions to the atmosphere. Clearly, sintering is a significant energy consumer and greenhouse gas producer and improvements in energy efficiency need to be targeted.
With segregation, sinter yield from the upper bed increases as a result of increased heat generation from coke combustion. At the same time air temperatures are reduced in the lower bed and this prevents over-melting of the sinter mix and the formation of dense sinters, which do not reduce readily in a blast furnace. This has an additional positive impact on fuel rate in the blast furnace.
The aim of the present work is to further study the effect of bed properties changes caused by segregation (i.e., differences in granule size, coke mass, bed voidage and bulk density) on energy utilization and sintering performance. A well-validated hot model 1, 5, 7) has been formulated to describe heat transfer from the flame front to the bed and is used in this study. Data on segregated beds from the literature is used in the simulations. The impacts of the factors were considered individually and then combined to determine their cumulative effect on heat transfer during sintering.
Segregation in Iron Ore Sintering

Segregation Process
Iron ore sintering mills utilise a variety of segregation techniques to charge granules onto the strand. Mills segregate in order to improve bed permeability, as well as improve fuel efficiency. The effectiveness of the segregation process determines granule size distribution in the vertical direction down the bed. This essentially means that chemical composition, bed bulk density, bed voidage and, therefore, bed permeability [8] [9] [10] [11] are not uniform down a green granulated bed. Overall, bed permeability improves because a narrower size distribution is obtained at every level down the bed and this leads to improved sinter plant productivity. For this reason both theoretical and experimental investigations of segregation in iron ore sintering have attracted attention since the 1950s.
11) Many proprietary segregation devices have been introduced to promote the segregation of granules in a mix as it is being laid onto the sinter strand to form a bed. The optimum level of segregation will be dependent on the ore blend. Figure 1 illustrates the size segregation process in sintering. On leaving the feed hopper, a drum feeder sends the granules rolling down an inclined rill plate (or charging chute) onto the moving strand. The drop height on leaving the rill plate is greater than the height of the bed, which can be close to 1 m. Larger particles have a greater momentum running down the sloping surface of the formed pile and as a result they travel a further distance down the strand before coming to a halt. As a result there is a greater concentration of larger granules in the bottom regions of a green granulated bed. It is possible to facilitate segregation by altering the angle of the rill plate but if it is too horizontal the flow of material will not be smooth and avalanching (continual material build up and collapse) will be an issue. Clearly the feed rate and drop height will also determine the plate angle required to optimise segregation. It is also important to remember that the process also depends on the properties of the ore blend since traded iron ores have very different size distributions and bulk densities.
Literature Review
O'Dea and Waters 8, 9) developed a simplified segregation model for iron ore sintering. Granule size distribution as a function of bed depth was determined and the predicted mean granule size down the bed agreed well with the experimental data. To simulate charging from a typical roll feeder, Nakano et al. 12) employed the discrete element method (DEM) to determine the size segregation in the vertical direction of packed bed. They concluded that size segregation increases with decreasing chute angle. DEM was also used by Ishihara et al. 13) to investigate the influence of bed collapse (avalanching) on size segregation. To date DEM studies have only been carried out to determine the effect of size on segregation. For a model to be useful in sintering it must also have the ability to predict the segregation of the different components in the sinter mix. Machida et al. 10) studied segregation of sinter mixes high in goethite using a pilot-scale sinter pot and also at plant level. They found that optimum coke segregation profile -defined in terms of maximum sinter shatter strength -varied with the sinter mix goethite level. Lower goethite content mixes gave better results when coke segregation increased. Plant trials on optimising coke segregation also showed improvements in tumble index and productivity. The density of goethite is less than that of hematite but many traded goethitic ores are coarse and this means increased goethite levels in the lower bed.
For a multi-component sinter mix, the size distribution and specific gravity of each material can be very different, and this can also influence segregation. O'Dea 8) found in their experiments that the levels of coke, CaO and total Fe content varied down a bed. Ball 11) observed the segregation of solids -including iron ore, return fines, fluxes and cokeand also moisture. In both cases, it was observed that coke content decreased down the bed with segregation. This is because coke distribution followed the segregation pattern of granules below 1/8 inch (3.175 mm). 11) In sintering, coke with a nominal size of minus 3 mm is used and their hydrophobic surfaces mean that the larger particles are not well adhered within a granule.
2) Coke also has a lower specific gravity of around unity compared to iron ores which have values of 3.5 to 4, and this means granules containing significant coke are lighter. Reducing granule density and mean size will reduce the velocity and momentum of the particles during charging (assuming that they move unhindered) and they do not end up as far down the strand (Fig. 1 ). As coke is the primary energy provider in a sintering bed and has a large influence on the process, there are significant benefits in controlling its distribution down a bed using appropriate segregation techniques. With segregation, large granules tend to accumulate in the lower bed and smaller granules in the upper bed. As expected, there is a granule mean size gradient down a bed. Compared with non-segregated bed, tests involving freezing granules in liquid nitrogen before sizing showed that granule size distribution is narrower at each bed depth in segregation. 8, 9) For this reason, localised bed voidage values and the averaged value for the entire bed increases. [14] [15] [16] [17] As a result, segregation results in a more permeable green bed, and this has been observed in both laboratory and plant sintering operations. 8, 9, 11, 18) In summary, the size and density of granules determine their movement during charging and this causes the formation of segregated beds. These beds have the following characteristics:
(1) granule mean size increasing down the bed; (2) bed voidage increasing at every bed level; (3) bed bulk density decreasing at every bed level; and (4) overall bed permeability increasing.
Definition of Segregation Level
It is difficult to characterise the level of segregation in a bed. 11) Until this is possible the efficiency of different feeding devices and the level of segregation achieved in different plants cannot be compared. Clearly, the properties of ore blends will also determine how amenable they are to segregation. This means that for a given bed it is appropriate to define segregation level with respect to the same bed packed homogeneously. As indicated, many parameterschemical analyses, or physical properties like granule size or bulk density -can be used to define segregation level. In this study they are termed segregation parameters. In most cases, segregation parameters would change at different rates as size segregation in a bed increases. For this study, an overall segregation level γ (e.g. 1, 2, 3, 4) is used to indicate the extent of segregation in the bed. Additionally, a specific segregation level σ expressed as a percentage is employed to define segregation in size, mass (or chemical composition) and bed voidage. For parameters that are not directly related to segregation (e.g., sintering airflow rate), discrete values are adopted. All segregation parameters would change depending on the overall segregation level γ.
From sinter pot and plant data, O'Dea et al. 8, 9) derived descriptions of granule size, mass and bed voidage segregation, and sintering airflow rate. These segregation parameter values are used in the analysis. A moisture level of 5.5 wt.% is assumed and the corresponding gradient for granule Sauter Mean Diameter (SMD) is 2.16 mm/m (obtained at a high segregation level and defined 8) ). Voidage of the whole bed increased from 0.383 to 0.394 and green bed airflow rate increased by 12.9% as segregation increased. Tables 1 and 2 summarize the input simulation data for the non-segregated (Base case) and segregated cases, respectively. The data for γ = 1 and 4 are essentially based on the findings of O'Dea et al. 8, 9) By assuming linear variations in the value of these parameters down the bed, the specific segregation levels for size σ s and mass σ m are defined as: refers to the variation in mass of coke down the bed. Examples of how segregation is described in Table 2 and Fig. 2 relative to the Base case (Table 1) are illustrated below: Granule size segregation -for a γ value of 4, σ s = 18% means the granule SMD at bed top is 18% smaller than the non-segregated case. At the bottom there is a corresponding 18% increase in SMD. The changes in granule size vary linearly down the bed as indicated in Fig. 2 .
Voidage segregation -for a γ value of 3, σ v = 1.93% means that the voidage of the bed is 1.93% higher than the base case value of 0.383. The voidage value is kept unchanged over the entire height of the bed because an explicit relationship between granule size distribution and bed voidage is not available.
Coke segregation -for a γ value of 4, σ m = 21% means that there is 21 wt.% more coke at the top of the bed compared to the non-segregated case. At the bottom there is a corresponding 21 wt.% decrease in coke. The changes in coke levels vary linearly down the bed as indicated in Fig. 2 .
Sintering airflow rate -the increased sintering airflow rate due to increased bed permeability was derived from the flame front resistance model by using the following equation: 19) V V k V 
Modelling Heat Treatment in Segregated Beds
The developed mathematical model of the iron ore sintering process 1, 5, 20) was used to quantify the effect of segregation on heat transfer and flame front properties. Modifications were added to take into account the variations in the segregation parameters down a bed and also variations in sintering airflow rate. The model has been well validated against more than twenty carefully-controlled sinter pot tests, 20) and fairly good agreement has been achieved between model and experimental temperature profiles and waste gas compositions. The sinter pot test conditions used for model validation are similar to those used in this study. The raw materials were mixed and granulated under the same standard procedures. The granules were charged into a cylindrical sinter pot (600 mm in height and 330 mm in diameter) to form a green bed. The sinter pot was wellinsulated around the wall to reduce heat losses. An annular layer of fine ore was placed between the green bed and the pot wall to reduce the ingress of air as bed shrinks. This method has been proved effective in improving the accuracy of airflow rate measurement. 5) For bed temperature measurement, the thermocouples were made using 0.5 mm diameter platinum and platinum/13% rhodium wires. The wires were protected in sheaths and inserted into three bed locations. Waste gas analysis was carried out using the Gasmet DX-4000 gas analyser with Fourier transform infrared (FTIR) spectroscopy. The same sintering procedure was followed in all tests. A flame front was formed on the surface of the green bed using an ignition hood combusting natural gas. A fan located at the gas exhaust pipe provided the suction required to draw the flame front through the bed. After burn-thorough, the sinter bed was left to cool in the flowing air stream before discharging for processing.
A schematic diagram of the sinter pot considered in this work is shown in Fig. 3 . The cylindrical sinter pot has a height of 570 mm and diameter of 330 mm. The hearth layer consists of sinter particles larger than 5 mm and has the thickness of 30 mm. The sinter pot was equally divided into three sections (top, middle and bottom) along the bed height. Sintering performance at the centre of each of the three sections was simulated and then averaged to determine a mean value for the entire bed. In the same figure, the effect of bed temperatures caused by the arrival and departure of the flame front, as recorded by inserted thermocouples, is also shown. The important parameters characterising heat transfer to the bed at the critical melt formation period ( > 1 100°C) are listed in Table 5 . The maximum temperature (MT) recorded, the residence time (RT) above 1 100°C and also the enclosed area (EA) provide information on the bed heat treatment process as the flame front passes the area. A comparison between typical experimental and model temperature profiles for a non-segregated bed is given in Fig. 4 , which shows fairly good agreement. In sintering, flame front speed (FFS) and coke combustion efficiency (η) have a large influence on the three flame front parameters shown in Fig. 3 , and they are also defined in Table 5 . Unless indicated otherwise, only averaged values of MT, RT, EA, FFS and η for the entire bed are reported in this study. The effects of segregation on MT, RT, EA, FFS and η are considered in this study. Initial discussions will explore the effect of varying the segregation parameters in isolation to understand their individual impact on the parameters in Table 5 . Following the study, all the changes in the segregation parameters are integrated to obtain an overall impact.
Results and Discussion
Effect of Granule Size Segregation
The effect of granule size segregation on MT (maximum bed temperature) distribution down the bed is shown in Fig. 5 . To eliminate the effects of bed ignition and hearth layer, only the maximum temperature between the top and bottom thermocouples (0.095 to 0.475 m down the bed) is shown. Assumed size segregation levels, σ s, are shown in Table 2 . In the simulations, all other parameters including bed voidage, coke mass and sintering airflow rate were kept unchanged from the base case (non-segregated).
It is seen in Fig. 5 that maximum bed temperature increases down the bed, which is to be expected because of the preheating of the air before the flame front. The figure also shows that increasing segregation to increase the mean size of granules down the bed raised the upper bed temperatures. Temperature increases are more pronounced in the upper bed than the lower bed. For this simulation airflow rate and voidage are kept unchanged so the increase is a direct result of more effective convective heat transfer. This term is inversely proportional to granule mean size. With segregation, the granule mean size decreases in the upper bed leading to an increase in heat transfer in the upper bed. Large decreases in lower bed temperature are not observed because of the increase in convective heat transferred to this region from the upper region. In sintering the upper bed is weak and a large proportion of material from here ends up as return sinter fines. 21) This means that increasing the upper bed temperature gives a great benefit even though temperature in the lower bed is slightly reduced. At a specific size segregation level, a minimum exists in the MT chart, which is below the upper surface of the bed. This region is shielded from radiation during ignition and, unlike lower regions in the bed, does not benefit much from the pre-heating effect. Figure 6 shows the averaged values of convective heat load and flame front properties for the top, middle and bottom sections of the bed. Fig. 6(a) shows that with increased granule size segregation the convective heat load ahead and behind the flame front increases, resulting in higher upper bed temperatures (Fig. 5) . Convective heat values are much higher (about an order of magnitude) ahead of the front because it is a measure of heat flowing to this region from the intense flame front. Behind the front, the convective heat load is that flowing from the cooling sinter to preheat the air for combustion in the flame front, and it is not surprising that this value is comparatively smaller. It is important to note that the heat load changes are not large -less than 10% behind the flame front and less than 5% ahead of the flame front. Nonetheless, the increase in convection heat loads behind the flame front raised flame front temperatures and also convection heat loads out of the flame front ( Fig. 6(a) ).
The other three figures in Fig. 6 show the effect of size segregation on flame front properties and coke combustion efficiency. Figure 6 (b) shows that averaged maximum temperatures MT increased and this can be attributed to increased convective heat load. The high temperature has also increased the efficiency of the oxidation of CO generated on the coke surface to CO 2 . Hence the efficiency of coke combustion η increases. It is also important to note that these changes in maximum temperature and combustion efficiency are not large. The increased convective heat load with increased segregation has resulted in slight increases in flame front speed and also a wider temperature profile (Figs. 6(c) and 6(d) ). This is possible because the change in flame front speed is only small, just over 1% (Fig. 6(c) ). The resulting small increase in RT together with higher MT values has meant slightly larger EA values (Fig. 6(d) ). This is expected to positively impact sinter strength.
Another benefit of reducing granule size in the upper bed is that it promotes sintering reactions, melt generation, inter-particle bonding and coalescence because smaller particles have larger contact surface per unit volume than large particles.
11) For this reason, sinter yield in the upper bed increases through size segregation.
Effect of Bed Voidage and Bulk Density
In practice, bed voidage actually changes with granule size distribution but in this study the two are decoupled. With increasing segregation, granule size distribution tightens at each bed depth, and this gives rise to a larger bed voidage. At present, the relationship between bed voidage and granule size distribution is still unknown for the sinter bed, and is assumed uniform in the segregated bed. The relationship between bed voidage, bulk density and granule apparent density is: (4) where, ψ bulk is the bed bulk density, ψ apparent the apparent density of granules and ε the bed voidage. Bulk density decreases as bed voidage increases, assuming that granule apparent density is a constant. O'Dea and Waters 8) showed that increasing segregation only altered bed voidage slightly. When voidage increases from 0.383 to 0.394 -a 2.9% increase -bed bulk density decreased by 1.8%. However, this small change in bulk density can cause an increase in flame front speed. 1, 23) In practice, increasing voidage will also increase sintering airflow rate, leading to increased flame front speed but this is not considered in this case. The effects of changing voidage are only considered in isolation.
Sensitivity analysis carried out on the developed iron ore sintering model has shown that a 10% increase in bed voidage can increase sintering airflow rate by 14%, which in turn can result in 12% increase in FFS. By assuming constant granule apparent density, this same 10% increase in voidage can decrease bulk density by 6%, leading to a 6% increase in FFS. The cumulative impact of these two factors indicates that every 10% increase in voidage can increase FFS by 18%. Overall, these considerations indicate that 10% decrease in bulk density (at constant granule apparent density) can give rise to 30% increase in flame front speed. Experimentally, Lovel et al. 24) studied the effect of green bed bulk density on FFS in their sinter pot tests. As the bulk density was decreased from 2 247 to 1 752 kg m − 3 by using different fuels, the FFS was found to increase greatly from 18 to 29 mm min − 1 . Although fuel reactivity also influences FFS, their experimental results strongly suggest that green bed bulk density influences FFS.
In this study four uniform beds with the following voidages are considered: 0.383, 0.387, 0.390 and 0.394. Figure  7 shows the effect of voidage (and bulk density) on MT, η, FFS, EA and RT. All other parameters were set equal to base case (non-segregated) values in these simulations. It can be seen that MT, η and FFS all increased with decreasing bulk density, but both EA and RT dropped. The increased MT is a result of reduced volumetric heat capacity of the bed due to lower bed bulk density. The faster heating up of the bed also resulted in increased flame front speed. Higher flame front temperatures also resulted in the improvements in coke combustion efficiency η. The finding that EA and RT decreased with increasing bulk density is also consistent with the sinter pot test results, 23) and is mainly the outcome of faster flame front speeds.
Effect of Coke Mass Segregation
Segregation causes coke levels to decrease down a bed. Based on the data in Tables 1 and 2 , simulations with increasing coke mass segregation levels i.e., σ m = 0, 7, 14 and 21% were carried out. To obtain a more extensive understanding of the effect of coke mass segregation on sintering performance, the range was further extrapolated to include the levels of 28, 35, 42 and 49%. As in Sections 4.1 and 4.2 all other parameters were set unchanged from the base case. Because coke has such a large impact on the sintering process, some results obtained at the three bed levels will also be presented. Figure 8 shows that MT, RT, EA and η values in the top and middle layers increase with increasing coke levels. As expected there are corresponding decreases in MT values in the bottom bed. The other changes in the lower bed temperature profile have meant that RT values increased slightly and EA values dropped, being more dependent on MT than RT values. Averaged values for the entire bed show that the three parameters increase in value with segregation. The overall combustion efficiency, η, also improves with segregation, which can lead to decreased fuel requirements.
In Fig. 8(a) the MT graphs for the top and bottom bed crossed over at an overall segregation value of about 7%, where bed temperatures in the two regions are comparable at around 1 340°C. It is obvious that very high segregation levels of, say, 50% is not desirable because of the excessively large difference in temperature between these two regions. Clearly the optimum segregation level based on the simulation should be around 7% and this is confirmed by the results in Fig. 9 . MT values between the top and bottom thermocouples (Fig. 3) at different coke segregation levels σ m are shown in Fig. 9(a) . With increasing segregation, top bed temperature increases and bottom bed temperature decreases. Figure 9 mum coke segregation level where the difference is close to zero. This segregation level is around 7% and the difference in MT value is 5°C. For 0% and 49% segregation levels, the differences are 24 and 82°C, respectively. For the non-segregated case, the temperature difference is mainly attributed to the preheating of incoming air by the hot sinter in the upper bed. 1) This is a common phenomenon in the heat transfer in porous media. 25) While for 49% segregation, the major factor causing the large temperature difference is the very high concentration of coke in a particular area of the bed.
A heat balance over the entire sintering period has been carried out. Results indicate that coke mass segregation mainly changes the evolution of sensible heat and coke combustion heat, while other heats are only slightly altered due to the change of FFS and bed temperature. The optimum coke mass segregation level is achieved when the rate of sensible heat accumulated in the bed is not uniform. It is desirable to accumulate sensible heat at a higher rate in the earlier stage of sintering, and at a reduced rate in the later stage. This conclusion is consistent with the view that upper bed is the weakest region because of lower temperatures.
In this work, only coke mass segregation is considered. In practice, however, coke size segregation may also take place. In that case, large coke particles which are likely to be covered by adhering fine particles tend to accumulate in the lower bed. 2, 26) This influence will be studied in future work.
Effect of Sintering Airflow Rate
The effect of increasing sintering airflow rate (or bed permeability) on sintering performance has been simulated. Results show that MT, η, EA and RT values decrease but FFS increased sharply with increasing sintering airflow rate. This indicates that increasing bed permeability has the potential to increase sintering productivity through decreasing sintering time.
Combined Effect
The combined effect of granule size, bed voidage and chemical segregation as well as increased sintering airflow rate can be simulated simply by combining all the changes in the parameters shown in Table 2 . In doing this, it is assumed that each variable changes linearly with γ. The simulated results are shown in Fig. 10 . It is seen that with increasing segregation levels MT, RT, EA, FFS and η all increased. These changes are advantages from a sinter yield and productivity perspective. This finding is also consistent with the pot tests and plant results. 8) It is possible to break down the results to determine the individual contributions of the four segregation parameters. For γ of 4 the four components are summarised in Table 6 and given the notation 'combined parameters study'.
In sections 4.1 to 4.4, the four parameters affected by segregation were studied separately and results for γ of 4 are also shown in Table 6 under 'single parameter study'. It is seen that coke mass segregation greatly raises the values of MT, RT and EA. Increasing sintering airflow rate has the second largest impact but lowers MT, RT and EA values. The effects of uneven distribution of granule size, increasing bed voidage and decreasing bulk density are comparatively small. Increasing all the segregation parameters except sintering airflow rate resulted in higher η. Results also show that increasing bed permeability and sintering airflow rate has a major effect on FFS. The other factor having some influence on FFS is coke segregation. The total contributions of all these influences can be added and results are also shown in Table 6 in the row 'Sum of above contributions'. On comparing values in this row with the 'Combined parameters study' row it is seen that there are differences and this is not surprising. However, the relative contributions of the four segregation parameters to both results are not very different.
Conclusions
As granules are charged onto a moving sinter strand to form a bed, size and material type segregation occurs down the bed. This study investigates the effect of segregation on the properties of the critical melt formation region in and around the flame front using a well-validated mathematical model. The positive impact of segregation on MT, EA, RT and η indicates the potential to decrease fuel rate in sintering practice.
Specifically, vertical changes in bed properties caused by increased mean granule size are increased bed voidage and permeability. An outcome of these changes is a reduction in bed bulk density, which has been shown to increase the speed of the descending flame front. These factors together with changes in coke mass distribution will alter not only the amount of heat generated but also the combustion efficiency of the coke particles and properties of the critical melt formation region in the bed.
Results indicate that the individual effects of granule size and bed bulk density changes on these predicted parameters are minor. But the effect of improved bed permeability and coke mass segregation are more significant. As a result, faster flame front speed and increased maximum temperature, residence time and enclosed area were obtained with segregation. Higher combustion efficiency was also obtained, leading to the generation of more heat and decreased fuel rate.
The main effect of coke mass segregation is to change the evolution of sensible heat and coke combustion heat. The other heat components only change slightly because of variations in flame front speed and bed temperature. The accumulation of more sensible heat in the earlier rather than the later stages of sintering i.e., more heat generation in the upper bed is clearly very beneficial in terms of improving sintering performance. This study indicated that a coke segregation level of 7% -upper bed has more coke by this amount and the lower bed has less coke by this amount and the change occurs linearly down the bed -gave comparable bed temperature profiles at every level down the bed. However, the optimum coke segregation level may not be a constant value. This value may change with the factors that can influence the heat treatment process, for example, iron ore blend and bed height.
The results of this study provide important information on the effect of granule size, voidage and bulk density segregation on the properties of the flame front. The modelling studies also provide indicative coke segregation levels for more uniform heat treatment down a sintering bed.
